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Experimental 

Crystal data 

C25H30O4 
M, = 394.49 
Triclinic, PI 
a = 5.9465 (15) A 
b = 11.214 (3) A 
c = 17.170 (4) A 
a = 82.804 (3)° 
P = 81.062 (3)° 



Data collection 

Bruker APEXII area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 
7mi„ = 0.977, r maI = 0.984 

Refinement 

R[F 2 > 2a(F 2 )] = 0.071 

wR(F 2 ) = 0.154 

S = 1.02 

4149 reflections 



y = 76.927 (3)° 
V = 1096.9 (5) A 3 
Z = 2 

Mo Ka radiation 
/a = 0.08 mm -1 
T = 293 K 

0.30 x 0.28 x 0.20 mm 



11804 measured reflections 
4149 independent reflections 
3560 reflections with / > 1a(I) 
R<„, = 0.020 



269 parameters 

H-atom parameters constrained 
Ap max = 0.29 e A~ 3 
Ap mi „ = -0.20 e A~ 3 



In the title molecule, C 2 5H 30 O 4 , the two cyclohexene rings 
adopt envelope conformations. The two hydroxy groups are 
involved in the formation of intramolecular O— H- ■ O 
hydrogen bonds. In the crystal structure, weak intermolecular 
C— H- ■ O hydrogen bonds link molecules related by transla- 
tion along the axis a into chains. 

Related literature 

For related structures, see: Bolte et al. (2001); Palakshi Reddy 
et al. (2010); Shi et al. (1998). For applications of related 
compounds, see: Ali et al. (2011); Wang et al. (2006). For the 
synthesis of related compounds, see: Ramachary & Mamilla- 
palli (2007); Rohr & Mahrwald (2009). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ -A 


D-A 


D-H-A 


02-H2-04 


0.82 


1.82 


2.610 (3) 


163 


03-H3-01 


0.82 


1.85 


2.640 (3) 


160 


C19-H19-04' 


0.93 


2.54 


3.349 (3) 


146 


C14-H14B- ■ Ol" 


0.97 


2.59 


3.439 (4) 


146 


Symmetry codes: fi) x - 


p 1, y, z; (ii) x 


-l,y,z. 







Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors thank South China Normal University for 
financial support (grant No. SCNU G21096). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5137). 



References 

Ali, J., Majid, M. H. & Fatemeh, F. B. (2011). E-J. Chem. 8, 910-916. 
Bolte, M., Degen, A. & Riihl, S. (2001). Acta Cryst. C57, 446-451. 
Bruker (2004). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison, 
Wisconsin, USA. 

Palakshi Reddy, B., Vijayakumar, V, Sarveswari, S., Ng, S. W. & Tiekink, E. R. 

T. (2010). Acta Cryst. E66, o2806-o2807. 
Ramachary, D. B. & Mamillapalli, K. (2007). J. Org. Chem. 72, 5056-5068. 
Rohr, K. & Mahrwald, R. (2009). Bioorg. Med. Chem. Lett. 19, 3949-3951. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 

Shi, D. Q., Tu, S. J. & Dai, G. Y. (1998). Chin. J. Struct. Chem. 17, 221-224. 
Wang, X. S„ Zhang, M. M., Jiang, H„ Shi, Da. Q„ Tu, S. J., Wei, X. Y. & Zong, 
Z. M. (2006). Synthesis, 24, 4187-4199. 



02398 Zhu eta/. 



doi:10.1 107/S1 60053681 1033745 



Acta Cryst (201 1 ). E67, o2398 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, o2398 [ doi:10.1107/S1600536811033745 ] 

2,2'-[(l£)-3-Phenylprop-2-ene-l,l-diyl]bis(3-hydroxy-5,5-dimethylcyclohex-2-en-l-one) 
Y.-L. Zhu, G.-L. Xiao, Y.-F. Chen, R.-T. Chen and Y. Zhou 

Comment 

Tetraketones constitute an important class of organic compounds which can be used as dyes, fluorescent materials for visu- 
alization of biomolecules or in laser technologies due to their useful spectroscopic properties (Wang et ah, 2006). The title 
compound is an aldol condensation/Michael addition compound which can be used as an intermediate during the synthesis 
of oxathene derivatives (Ali et ah, 2011). When comes to the unactivated aldehydes such as cinnamaldehyde, the open 
chain structure can be obtained in a good yield (Ramachary & Mamillapalli, 2007; Rohr & Mahrwald, 2009). The reaction 
between cinnamaldehyde and 5,5-dimethyl-l,3-cyclohexanedione in the presence palladium(II) chloride proceeded to give 
the title compound (I) in isolated yield 82%. 

In (I) (Fig. 1), the bond lengths and angles are normal and correspond to those observed in related structures (Bolte et ah, 
2001; Palakshi Reddy et al, 2010; Shi etah, 1998). Two six-membered cyclohexene rings adopt an envelope conformation. 
The phenyl ring C20-C25 is twisted at 18.1 (1)° from the C18=C19 — C20 plane. The hydroxy groups and carbonyl O 
atoms face each other and form two intramolecular O — H-0 hydrogen bonds (Table 1). There are weak intermolecular 
C19 — H19-04, C14— H14B-01 and C9— H9-02 interactions which link molecules into chains. 

In the crystal structure, weak intermolecular C — H- ■ O hydrogen bonds (Table 1 ) link the molecules related by translation 
along axis a into chains. 

Experimental 

The title compound has been synthesized following the known procedures (Ramachary & Mamillapalli, 2007; Rohr & 
Mahrwald, 2009). A mixture of cinnamaldehyde (0.66 g, 5 mmol), 5,5-dimethyl-l,3-cyclohexanedione (1.40 g, 10 mmol), 
and palladium (II) chloride (0.0010 g) was refluxed in acetonitrile (10 ml) at 353 K for 6 h (Fig. 2). After being cooled to 
room temperature, the reaction mixture was poured into water. The white precipitate was filtered off with a silica pad, washed 
twice with water, and the filtrate was then dried under vacuum to yield the product in yield of 82%. Single crystals of the title 
compound were obtained by slow evaporation from ethanol at room temperature to yield colourless, block-shaped crystals. 

Refinement 

The H atoms were positioned geometrically (C — H 0.93-0.98 A, O — H 0.82 A) and allowed to ride on their parent atoms, 
with {yj so = 1.2 or 1.5U eq (parent atom). 
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Figures 




Fig. 1. View of (I) showing the atom-labelling scheme. Displacement ellipsoids are drawn at 
the 50% probability level. 



Fig. 2. Palladium(II) chloride catalyzed synthesis of the title compound. 



2,2'-[(1f)-3-Phenylprop-2-ene-1,1-diyl]bis(3-hydroxy-5,5- dimethylcyclohex-2-en-1-one) 



Crystal data 




C25H30O4 


Z = 2 


M r = 394.49 


^(000) = 424 


Triclinic, PI 


D x = 1.194 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 5.9465 (15) A 


Cell parameters from 2118 reflections 


b= 11.214(3) A 


6 = 2.3-27.2° 


c= 17.170 (4) A 


H = 0.08 mnT 1 


a = 82.804 (3)° 


7=293 K 


(3 = 81.062 (3)° 


Block, colourless 


y = 76.927 (3)° 


0.30 x 0.28 x 0.20 mm 


V= 1096.9 (5) A 3 





Data collection 



Bruker APEXII area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 

r min = 0.977, r max = 0.984 

1 1 804 measured reflections 



4149 independent reflections 

3560 reflections with / > 2a(7) 
R int = 0.020 

©max = 26.0°, 0 m i n = 1 .9° 

h = -7^6 

jfc = -13-»13 
/ = -21^9 



Refinement 
Refinement on F 2 
Least-squares matrix: full 



Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 



sites 



sup-2 



supplementary materials 



R[F 2 >2v(F 1 )] = 0.071 
wR(F 2 ) = 0.154 

S= 1.02 

4149 reflections 

269 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



H-atom parameters constrained 

w = l/[o 2 (F„ 2 ) + (0.0 19P) 2 + 1.9414P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap ma x = 0.29eA" 3 

Ap m in = -0.20 e A -3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.0130 (19) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


JI- *IIJ 


C6 


0.2857 (5) 


0.8045 (2) 


0.81379 (16) 


0.0357 (6) 


C5 


0.4316(5) 


0.7081 (2) 


0.85206 (16) 


0.0374 (6) 


CI 


0.0541 (5) 


0.8394 (3) 


0.85021 (17) 


0.0429 (7) 


C4 


0.3647 (6) 


0.6518(3) 


0.93287 (17) 


0.0506 (8) 


H4A 


0.5010 


0.6299 


0.9604 


0.061* 


H4B 


0.3156 


0.5764 


0.9283 


0.061* 


C2 


-0.0248 (6) 


0.7860 (3) 


0.93157 (19) 


0.0576 (9) 


H2A 


-0.1034 


0.7208 


0.9267 


0.069* 


H2B 


-0.1377 


0.8494 


0.9586 


0.069* 


C3 


0.1700 (6) 


0.7341 (3) 


0.98281 (17) 


0.0514(8) 


C7 


0.2611 (8) 


0.8383 (4) 


1.0080 (2) 


0.0740 (11) 


H7A 


0.3860 


0.8043 


1.0389 


0.111* 


H7B 


0.1375 


0.8896 


1.0392 


0.111* 


H7C 


0.3169 


0.8863 


0.9619 


0.111* 


C8 


0.0803 (8) 


0.6583 (4) 


1.0562 (2) 


0.0821 (13) 


H8A 


0.0167 


0.5950 


1.0405 


0.123* 


H8B 


-0.0386 


0.7107 


1.0883 


0.123* 


H8C 


0.2064 


0.6215 


1.0861 


0.123* 


C9 


0.3718 (4) 


0.8650 (2) 


0.73423 (15) 


0.0342 (6) 


H9 


0.5418 


0.8459 


0.7315 


0.041* 


C20 


0.3317(5) 


1.2099 (2) 


0.75974 (16) 


0.0379 (6) 


C18 


0.3039 (5) 


1.0046 (2) 


0.72762 (16) 


0.0398 (6) 
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Atomic displacement parameters (A 2 ) 
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A AA71 (\ 1 \ 

U.UU 15 (11) 


A AAQ/l /I 1 \ 

U.UU34 (11) 


A AA IT / 1 A\ 

U.UU13 (1U) 


1 1 
CI 1 


a A/i t c nn 
U.U433 (13) 


A AT 7 1 / 1 1\ 

U.U3Z1 (13) 


A AT 7/1 / 1 /1\ 

U.U3 /4 (14) 


A AA C 7 /I 7\ 

U.UU 3Z ( 1Z) 


A A AAA /I 7\ 

u.uuuy (iz) 


A AA/1 T /I 1 \ 

U.UU43 (11) 


CI J 


U.U4U0 (1 3) 


U.U3 /3 (14) 


U.U4ZU (l->) 


— U.UU /3 (1Z) 


— U.UU30 (IZ) 


— U.UU31 (IZ) 


1 7 
C1Z 


A (\fiC\ 

u.uoy (z ) 


A AT7C /I f\ 

U.U3 / J (13) 


A A/1 /I 7 /I 7\ 

U.U44 / (1 /) 


A AAA/: (\ A \ 

U.UUUo (14) 


a aa/1 0 n f\ 
U.UU45 (13) 


a p\r\fic ( 1 a\ 
U.UU03 (13) 


1 T 

CI j 


U.U03 (Z ) 


A A/1 7/1 / 1 7\ 

U.U4 /4 (1 /J 


U.U30 / (O) 


A AA71 (\ C\ 

U.UU Id (1 J) 


U.UUOO (14) 


a r\r\fiQ ( 1 1A 
U.UUoy (13) 


1 A 

C14 


A A/1 QO / 1 Q\ 

U.U4oo (lo) 


A a/; i /7\ 
U.U01 (Z) 


A A/1 AT /I Q\ 

U.U4V3 (lo) 


A AAQA /I C\ 

u.uuyu (13) 


A A 1 A O /I A \ 

U.U14o (14) 


A AAA! /I C\ 

U.UUV3 (13) 


Clo 


0.082 (3) 


0.063 (2) 


A A A A 

0.049 (2) 


A A 1 AA / 1 A\ 

-0.0109 (19) 


A AAAC / 1 0\ 

—0.0003 (lo) 


A A1 n { \ c\ 

U.U1 IZ (lo) 


C17 


0.106 (3) 


0.076 (3) 


0.055 (2) 


-0.002 (2) 


-0.024 (2) 


-0.0255 (19) 


03 


0.0456 (12) 


0.0445 (11) 


0.0429(11) 


0.0047 (9) 


-0.0072 (9) 


0.0005 (9) 


Ol 


0.0460 (12) 


0.0466 (12) 


0.0470 (12) 


0.0077 (9) 


-0.0030 (9) 


-0.0001 (9) 


02 


0.0422 (12) 


0.0646 (14) 


0.0536 (13) 


0.0089 (10) 


-0.0110(10) 


-0.0155 (11) 


04 


0.0404(12) 


0.0707 (15) 


0.0545 (13) 


0.0098 (11) 


-0.0093 (10) 


-0.0009(11) 



Geometric parameters (A, °) 



C6— C5 


1.388 (4) 


C21— H21 


0.9300 


C6— CI 


1.411 (4) 


C25— C24 


1.378 (4) 


C6— C9 


1.515 (4) 


C25— H25 


0.9300 


C5— 03 


1.308 (3) 


C23— C24 


1.371 (5) 


C5— C4 


1.485 (4) 


C23— C22 


1.377 (5) 


CI— 04 


1.272 (3) 


C23— H23 


0.9300 


CI— C2 


1.498 (4) 


C24— H24 


0.9300 


C4— C3 


1.528 (4) 


C22— H22 


0.9300 


C4— H4A 


0.9700 


C10— C15 


1.383 (4) 


C4— H4B 


0.9700 


C10— CI 1 


1.413 (4) 


C2— C3 


1.529 (4) 


Cll— 01 


1.280(3) 


C2— H2A 


0.9700 


Cll— 01 


1.280 (3) 


C2— H2B 


0.9700 


Cll— C12 


1.504 (4) 


C3— C8 


1.524 (5) 


CI 5— 02 


1.304 (3) 


C3— C7 


1.527 (5) 


C15— C14 


1.490 (4) 


C7— H7A 


0.9600 


C12— C13 


1.524 (4) 


C7— H7B 


0.9600 


C12— H12A 


0.9700 


C7— H7C 


0.9600 


C12— H12B 


0.9700 


C8— H8A 


0.9600 


C13— C16 


1.514 (5) 


C8— H8B 


0.9600 


C13— C14 


1.523 (4) 


C8— H8C 


0.9600 


C13— C17 


1.536 (4) 


C9— C18 


1.520 (3) 


C14— H14A 


0.9700 


C9— C10 


1.522 (4) 


C14— H14B 


0.9700 


C9— H9 


0.9800 


C16— H16A 


0.9600 
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PTH PO 1 

CZU — CZ 1 


1 IOC 

I.Joj (4) 




1.J71 \H J 


C20 — C19 


1.472 (4) 


C18 — C19 


1.297 (4) 


C18 — H18 


0.9300 


C19 — H19 


0.9300 


C21 — C22 


1.381 (4) 


PC /-i/: ni 

C j — Co — C 1 


11 1 A (3) 


PC / • /" pr\ 

CD — Co — Cv 


12U.6 (2) 


CI — Co — CV 


1 T1 A /1\ 

122. U (2) 


UJ CD CO 


i ii i /i\ 
123.2 (2) 


UJ — Cj — C4 


11-5/: /i\ 
11 J. 0 (z) 


P/f nr p /] 

Co — CD — C4 


111 1 /Q \ 

123.2 (3) 


p zi n pz; 
<J4 — CI — Co 


111 A \ 

IZZ.V (3) 


r\A n /-it 
<J4 CI — CZ 


1 1 £L A 

lib. 4 (3) 


Co — CI — CZ 


ill /; /"3\ 
121.0 (3) 


/-if /-I/I pq 

C5 — C4 — CJ 


1 1 * c /i\ 
114.3 (2) 


PC p a i i i * 

CD — C4 — hl4A 


1U6.6 


f~") /-i /i TT/1 A 

CJ — C4 — H4A 


inn £ 

108.6 


PC p,l I I ,1 T") 

CD — C4 — hl4B 


1U6.6 


Pq a u/ID 

C J — C4 — hl4 B 


1U6.6 


I I /] a /-i /I TJ/ID 

hl4A — C4 — hl4B 


10 /.6 


P i p-> pq 

CI — CZ — CJ 


11/1 *7 \ 

114. / (3) 


/ • i po, ii") * 
C 1 — CZ — hlZ A 


1 AO C 
1U6.6 


pq po i n * 
C J — CZ — HZ A 


1U6.6 


p i /-i--> i no 
C 1 — CZ — HZ B 


1 AO <C 
1U6.6 


C 3 — CZ — rlZ B 


1 AO /; 
1U6.6 


hlZA — CZ — hlZB 


1 A"7 /; 
1U /.6 


pg pi po 

Co — C J — C / 


1 AO /I {1\ 

iuy.4 (i ) 


ro ri /-iyi 
Co — CJ — C4 


1 A A £ f1\ 

luy.o (3) 


PO f l p /] 

C / — C J — C4 


1 1 A 1 /"3\ 
110.1 (3) 


po pi n 
Co — CJ — CZ 


1 1 A 1 

11U.1 (3) 


P*7 PI PI 

C / — C J — CZ 


1 1 a /i n\ 
110.4 (3) 


P/l pQ p-") 

C4 — CJ — CZ 


1 AT 1 

10 /.3 (5) 


PI P*7 I I "7 A 

CJ — C / — hi / A 


1 AA C 

iuy.3 


PI P*7 UID 

CJ — C / — hi /B 


1 AA C 

iuy.3 


I I "7 a pa I nn 

hi /A — C / — rl /B 


1 AA C 


PQ p-7 OOP 

CJ — C / — hi /C 


1 AA £ 


m A P*7 OTP 

hi /A — C / — hi /C 


1 AA £ 

iuy.3 


UTD P*7 OTP 

hi /B — C / — hi /C 


1 AA £ 


PQ po I I Q A 

C J — C o — hi o A 


1 aa c 

iuy.5 


PQ po i ion 

C J — C o — hi o B 


1 AO £ 

iuy.5 


O O A PO I ion 

hi o A — C o — hi o B 


1 AA £ 

iuy.3 


/—1Q /—I O TTOr 1 

C3 — C8 — H8C 


109.5 


H8A— C8— H8C 


109.5 


H8B— C8— H8C 


109.5 


C6— C9— C18 


113.8(2) 


C6— C9— CIO 


114.3 (2) 


C18— C9— CIO 


113.0(2) 



C 1 0 — rl 1 0r> 


U.yOUU 


V 1 u — 1 1 1 Uv 


ft Q^ftfl 


C17 — H17A 


0.9600 


C17 — H17B 


0.9600 


C17 — H17C 


0.9600 


03 — H3 


0.8200 


02 — H2 


0.8200 


nn r^ii un 
C2U — C2 1 — H2 1 


1 1 A A 

ny.4 


/"^i/i pin 
C24 — C25 — C2U 


111 A /I \ 

121.U (3) 


pij pir mc 
C24 — C25 — H25 


nn c 


nn nc uic 
C2U — C25 — H25 


line 

iiy.s 


pij pn pn 
C24 — C23 — C22 


1 1 A H f?\ 

iiy./ (3) 


pij pn uoi 
C24 — C23 — H23 


1 in i 
12U.2 


ni pn un 
C22 — C23 — HZi 


1 in i 
12U.2 


pn pi/i nc 
C23 — C24 — C25 


1 in i ii \ 
12U.3 (3) 


r^ii r^i/i ui/i 
Cz3 — CZ4 — rlz4 


1 1 Q Q 

iiy.s 


nc pi/i ui/i 
C2D — C24 — H24 


lino 

i iy.5 


pn ni 

(_23 — C22 — C2 1 


1 in n /i\ 
12U.U (3) 


r^n ni uii 
C23 — C22 — H22 


1 in n 
12U.U 


ni ni uii 
C2 1 — C22 — till 


1 in n 
12U.U 


C15 — CIO — Cll 


in c /"3\ 
11 /.5 (3) 


pir P 1 A PA 

c 1 5 — c i o — cy 


1 i/i n /i\ 
124.U (2) 


P 1 1 p 1 A PA 

cn — cio — cy 


HO c /1\ 

1 1 6.3 (2) 


P.1 P11 P1A 

Ul — Cll — CIO 


111 A P]\ 

122.4 (3) 


P.1 P11 p 1 A 

Ul — Cll — CIO 


111 A P]\ 

122.4 (3) 


p.1 P11 P11 

Ul — Cll — Cl2 


11 / c /i\ 
11 6.3 (2) 


p.1 p 1 1 P1 1 
Ul — Cll — Clz 


lirr /1\ 

H6.3 (Z) 


p 1 A P11 P11 

C10 — Cll — C12 


111 1 /"3\ 

121.1 (3) 


P.1 P 1 C P 1 A 

U2 — C 1 5 — C 1 0 


in a n\ 
123.4 (3) 


PI P 1 C P 1 A 

U2 — C 1 5 — C 1 4 


11 1 O 

113.6 (3) 


p 1 A PIC P1/I 

CIO — CO — C14 


in a n\ 
122.y (3) 


P11 pii pn 
Cll — C12 — CI 3 


1 1 1 A /1~\ 

113. y (2) 


P11 pii miA 
Cll — C12 — H12A 


1 AO O 

1U6.6 


pii pii mi a 
C13 — C12 — H12A 


1 AO O 

1U6.6 


PII P11 Ul ID 

Cll — C12 — H12B 


1 AO O 

1U6.6 


p 1 1 pii unD 
C13 — C12 — H12B 


1 AO O 

1U6.6 


TJ11A P11 unD 

ti 1 2A — C 1 2 — ti 1 IB 


1 A"7 "7 
10/./ 


P1£ PII PII 

Clo — C13 — C14 


111 A 

lll.U (3) 


P1£ PII PII 

Clo — C13 — C12 


1 AA O /1\ 

iuy.6 (3) 


pii pn pii 
C14 — C13 — C12 


1 a/; n pj\ 
lU6.y (3) 


pu pii pn 
Clo — C13 — CI / 


1 AA "7 I'll 

ioy. / (3) 


pn pn pn 
C14 — C13 — CI / 


1 AA A 

luy.4 (3) 


pii pii pn 
C12 — C13 — CI / 


1 1 A A 

1 1U.U (3) 


C15— C14— C13 


114.8 (3) 


C15— C14— H14A 


108.6 


C13— C14— H14A 


108.6 


C15— C14— H14B 


108.6 


C13— C14— H14B 


108.6 


H14A— C14— H14B 


107.5 
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p/: pn l in 

Co — CV — rly 


1 r\A o 
1U4.0 


Clo — Cy — tiy 


1 n/i o 
1U4.0 


ni a pn i m 

C 1 U — CV — hlV 


1 n/i o 
1U4.0 


pii ntn nc 
CZ 1 — CZU — CZ j 


11 /.o (3) 


p-> i pin pin 

cz i — czu — c i y 


m q /q \ 
1ZZ.3 (3) 


ptc Pin pi a 

cz3 — czu — c i y 


1 1 n n (i \ 
liy.y (3) 


p i n P 1 o pn 

ciy — cio — cy 


lZ4.y (3) 


pi q p 1 O H1Q 

Ciy — Clo — hllo 


i n a 
1 1 /.o 


pq p 1 Q u i q 

V / v 1 O 1 1 1 O 


117 6 

1 1 / .o 


C18 — CI 9 — C20 


127.1 (3) 


C18 — C19 — H19 


116.4 


C20 — C19 — H19 


116.4 


C22 — C21 — C20 


121.1 (3) 


C22 — C21 — H21 


119.4 


p i p/; pc r\i 
CI — Co — CD — <J3 


ni i pj \ 

171.1 (3) 


PQ p/T pC PiQ 

cy — c o — c j — u j 


-6.2 (4) 


p 1 P /" pc P/1 

C 1 — Co — C j — C4 


•7 C\ / A\ 

-7.9 (4) 


pn p/c pc p a 

cy — c o — c j — C4 


o pj \ 

1 /4.o (3) 


PC p /" pi p/1 

CD — Co — C 1 — U4 


1 *7n o pi\ 
— 1 /U.O (3) 


pn p/c pi p,/i 
Cy — Co — C 1 — <J4 


6.5 (4) 


PC p /" pi pi 

CD — Co — C 1 — CZ 


7.5 (4) 


pn p/c pi pi 

cy — Co — c i — cz 


1 *7C 1 p]\ 

— 1 /3.Z (3) 


p.-} pc P/l PQ 

U3 — CD — C4 — C 3 


i cn n 
IDy.U (3) 


p/: pc p/i pq 

Co — CD — C4 — C 3 


— zi.y (4) 


Pl A pi PO PQ 

U4 — C 1 — CZ — C3 


1 cn n 
— Ijy.U (3) 


p/: pi PI pq 

Co — CI — CZ — C3 


Tl /: //i\ 

ZZ.o (4) 


PC P/1 pQ po 

CD — C4 — C3 — Co 


lo / . / (3) 


PC p/1 pQ p-7 

Cj — C4 — C3 — C / 


— 1 1.0 (4) 


PC P/1 pQ p-"> 

CD — C4 — C3 — CZ 


/1 Q 1 (A \ 

4o.l (4) 


P 1 P~V pQ pQ 

C 1 — CZ — C3 — Co 


— lo/. / (3) 


pi ( "") PQ p-7 

C 1 — CZ — C3 — C / 


"71 A ( A\ 

1 1 .4 (4) 


p 1 PO pQ p/1 

C 1 — CZ — C3 — C4 


~4o.J (4) 


PC p/. po pi o 

c j — Co — cy — c i o 


nr -7 / q\ 

— 13 J. / (3 J 


P i p /: pn pi o 

c i — Co — cy — c i o 


47.1 (3) 


pc p /: pn pin 

cd — Co — cy — c i u 


yZ.D (3) 


p i p/T pn pm 

c i — Co — cy — C 1 U 


O/l "7 \ 

— o4. / (3) 


s • a pn pi o p 1 n 

Co — cy — c i o — c i y 


/cn n 
oy.U (4) 


Pin pn p i o pin 

c i u — cy — c i o — c i y 


1 CO C 

— 130.3 (3) 


p pi p 1 o p 1 n pin 

C9 — C 1 5 — C 1 9 — C20 


no a /q ^ 
178.0 (3) 


C21— C20— C19— C18 


18.1 (5) 


C25— C20— CI 9— CI 8 


-160.8 (3) 


C25— C20— C21— C22 


0.1 (4) 


C19— C20— C21— C22 


-178.9 (3) 


C2 1— C20— C25— C24 


0.5 (4) 



pi 1 p|/- TJ1/TA 

C 1 3 — C 1 0 — hi 1 OA 


1 nn c 


PI I pi/ ui /:n 

C 1 3 — C 1 0 — hi 1 or> 


1 nn c 


U1 /C A p 1 /C I I 1 /"D 

hi 1 OA — C 1 0 — hi 1 or> 


1 nn c 

iuy.3 


PI I pi/ u 1 *rp 

C 1 3 — C 1 0 — hi 1 oC 


1 nn c 


U1 /C A PI/, i i i /; p 

hi 1 OA — C 1 0 — hi 1 oC 


1 nn c 


III /: r> p|/- I I l /- p 

hi 1 or> — C 1 0 — hi 1 oC 


1 nn c 


p| 1 pn U17A 

C13 — CI / — hll / A 


1 nn c 

iuy.!> 


p 1 Q P 1 "7 I I 1 "7 ID 

C13 — CI / — hll /B 


1 nn c 


H1 7 A P1 7 H1 7R 


1 OQ S 

1 U7.J 


C13 — C17 — H17C 


109.5 


H17A — C17 — H17C 


109.5 


H 1 7B — C 1 7 — H 1 7C 


109.5 


C5 — 03 — H3 


109.5 


C15 — 02 — H2 


109.5 


piQ pin pic pi/i 
C 1 9 — CZO — J — CZ4 


1 "7Q C {1\ 

1 /9.J (i ) 


m /t>i pi^i nc 
C22 — CZ.5 — C24 — C25 


0.3 (5) 


pin ptc f^^tA r^^ii 
C20 — C25 — C24 — C23 


n *7 /c\ 

-0.7 (5) 


PT] pi! 

C24 — C23 — C22 — Cz 1 


n a /c\ 

0.4 (5) 


nn m r^Ti 
C20 — CZ 1 — CZZ — CZ i 


n /z /c\ 
-U.O {D) 


C6 — C9 — C 1 0 — C 1 5 


on 1 

o/.l (3) 


pin Pn P 1 A PI C 

C 1 5 — C9 — C 1 0 — C 1 5 


A C 1 (A \ 

— 4j.1 (4) 


p/; pn pin P11 
C6 — C9 — C 1 0 — C 1 1 


nn i (i\ 
— yU.3 (3) 


p 1 o pn p 1 n p 1 1 
C 1 a — C9 — C 1 0 — C 1 1 


1 in c 
13 /.J \l) 


pk pin P11 p.1 
C15 — CIO — Cll — Ul 


1 *7n o (i \ 
— 1 /U.O (3) 


pn pin pii p.1 
C9 — CIO — Cll — Ul 


6.7 (4) 


PK pm P11 P.1 

C15 — CIO — Cll — Ul 


1 *7n o 
— 1 /U.O (3) 


pn pin pii p.1 
C9 — CIO — Cll — Ul 


6.7 (4) 


pk pin P11 pn 
C15 — CIO — Cll — ClZ 


7.2 (4) 


po pin P11 P10 
C9 — CIO — Cll — ClZ 


_ 1 /j.Z (Z J 


P11 pin pic p.1 
Cll — CIO — CI 5 — UZ 


1 /CO 1 

loo.l (3) 


pn p 1 n pi c p.t 
C9 — C 1 0 — C 1 5 — UZ 


-9.3 (4) 


P11 PI/1 pi c pi 1 

Cll — CIO — CI 5 — C14 


11 /A\ 

-11.2 (4) 


pn pi/i pi c pn 
C9 — C 1 0 — C 1 5 — C 1 4 


1 *7 1 C /"I \ 
1/1.3 (3) 


p.1 P11 pn p 1 1 
Ul — Cll — ClZ — C13 


1 cc n 

-133. y (3) 


p.1 P11 pn pii 
Ul — Cll — ClZ — C1J 


1 cc n /"]\ 
— 133. y (3) 


pin P11 pn pii 
CIO — Cll — ClZ — CI i 


n (a \ 
Z3.y (4) 


P11 PIT Pin pi/: 

Cll — ClZ — C13 — CI 6 


/cn i 

oy.z (4) 


pii pn pit pn 
Cll — ClZ — CI i — C14 


C 1 1 SA\ 

-51.3 (4) 


PII PII PIT P1"7 

Cll — C12 — C13 — CI / 


i in /i /i\ 
-170.0 (3) 


U2— C15— C14— C13 


162.1 (3) 


CIO— C15— C14— C13 


-18.5 (4) 


C16— C13— C14— C15 


-71.7(4) 


C12— C13— C14— C15 


48.0 (4) 


C17— C13— C14— C15 


167.0 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

U2— H2-U4 0.82 1.82 2.610 (3) 163. 
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03— H3-01 0.82 1.85 2.640(3) 160. 

C19— H19-04' 0.93 2.54 3.349 (3) 146. 

C14— H14B-01" 0.97 2.59 3.439 (4) 146. 
Symmetry codes: (i) x+l,y, z; (ii) x~l,y, z. 
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